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The asymmetric unit of the title compound, (Ci 3 H 13 IN)- 
[Ni(C 6 H 4 S 2 )2], contains half each of two centrosymmetric 
anions and a single cation in a general position. In the anions, 
the Ni m ions are surrounded by four S atoms in a distorted 
square -planar geometry. In the crystal, the anions exhibit two 
different packing modes by stacking along the a axis in face- 
to-face and side-by-side fashions. Interionic C— H- ■ S 
hydrogen bonds and tt-tt stacking interactions [centroid- 
centroid distance = 3.6947 (5) A] are observed. 

Related literature 

For background to the synthesis and properties of metal 
complexes of dithiolato and dithiolene ligands, see: Robertson 
& Cronin (2002); Kato (2004); Cassoux (1999); Canadell 
(1999); Akutagawa & Nakamura (2000); Ren et al. (2002, 2004, 
2008). For the structure of a related compound, see: Liu et al. 
(2007). 




Experimental 

Crystal data 

(C 13 H 13 IN)[Ni(C 6 H 4 S 2 ) 2 ] 
M, = 649.28 



b = 12.267 (2) A 
c = 14.628 (3) A 
a = 98.425 (2)° 
P = 98.466 (2)° 
y = 96.216 (3)° 
V = 1274.2 (4) A 3 

Data collection 

Bruker SMART APEX CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2000) 
= 0.584, r max = 0.769 

Refinement 

R[F 2 > 2o(F 2 )} = 0.056 

wR(F 2 ) = 0.196 

S = 1.09 

4392 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



Z = 2 

Mo Ka radiation 
ii = 2.32 mm -1 
T = 296 K 

0.26 x 0.20 x 0.12 mm 



6282 measured reflections 
4392 independent reflections 
3397 reflections with / > 2o(I) 
R in . = 0.030 



293 parameters 

H-atom parameters constrained 
Ap max = 1.52 e A~ 3 
A/) mi „ = -1.91 e A~ 3 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


C19-H19B-S2 1 


0.97 


2. SI 


3.613 (7) 


141 


C20-H20- ■ S4" 


0.93 


2.86 


3.580 (8) 


135 


Symmetry codes: (i) x — 


l,y + l,z; (ii) 


-x, -y + 2, -i 


+ 2. 





Triclinic, PI 

a = 7.3222 (14) A 



Data collection: SMART (Bruker, 2000); cell refinement: SAINT 
(Bruker, 2000); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RZ2652). 
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l-(4-Iodobenzyl)-3-methylpyridinium bis(benzene-l,2-dithiolato)nickelate(III) 
G.-X. Liu 

Comment 

Metal complexes of 1,2-dithiolate ligands have been intensively studied because of their novel properties and applications 
in the areas of molecular conductivity, magnetic materials, nonlinear optics, and others (Robertson & Cronin, 2002; Kato, 
2004). Over the last decade, a large number of new dithiolene ligands and metal complexes have been prepared in an effort 
to obtain novel and advanced material, whose molecular arrangement can be sensitively affected by strong and direction- 
al noncovalent interactions (Cassoux, 1999; Canadell, 1999; Akutagawa & Nakamura, 2000). Although the closed-shell 
cations make no contribution to the conductivity and magnetism, their size and shapes play a predominant role in influencing 
the crystal structure and, consequently, in altering the electronic and magnetic properties. Recently, using benzylpyridini- 

um derivatives ([RBzPy] + ) as counter cation of [M(mnt)2]~ (M = Ni, Pd, and Pt; mnt = maleonitriledithiolate), a series of 
ion-pair complexes with segregated columnar stacks of cations and anions have been reported (Ren et ah, 2002, 2008). The 
quasi-one-dimensional magnetic nature of these complexes was attributed to intermolecular ji orbital interactions within 
the anionic columns. Furthermore, for some complexes, spin-Peierls-like transition was observed (Ren et ah, 2004). More 

presently, we are devoted our research interesting on the molecular magnets self-assembled from the [Ni(bdt)2]~ ion (bdt = 

benzene- 1,2-dithiolato) due to its molecular and electronic structure resembling the [Ni(mnt)2] ion, which is expected to 
obtain new series of molecular magnets with peculiar magnetic phase transition via incorporating benzylpyridinium deriv- 
atives into the [Ni(bdt)2]~ spin system. The synthesis and crystal structure of the title compound, a new ion-pair complex, 
is reported herein. 

As shown in Fig. 1, the asymmetric unit of the title complex contains two independent halves of centrosymmetric 
[Ni(bdf)2] anions and one [IBzPyCH3] + cation. The nickel atoms are each surrounded by four sulfur atoms in a square- 
planar geometry. As for the Ni 1 -containing unit, the Nil — SI and Nil — S2 distances are 2.1470 (16) and 2.1562 (16) A, 
respectively. These values are in agreement with those found in the related [Ni(bdt)2]~ complex reported recently (Liu et ah, 
2007). The S — Ni — S bond angle is 91.59 (6)°, which is slightly larger than that observed in the complex with substituent 
groups on benzene rings (Liu et ah, 2007). There exists a dihedral angle of 6.92 (6)° between the planes through C1-C6/ 
S1/S2 and Nil/Sl/S2, so the five-membered ring adopts an envelope conformation and the Nil atom deviates by 0.1808 (2) 
A from the C6S2 plane. In the Ni2-containing unit, the Ni — S bonds cover the range from 2.1447 (15) to 2.1504 (17) A 
and the S— Ni— S bond angle 91.79 (6)°. The Ni2 atom deviates by 0.0245 (2) A from the C7-C12/S3/S4 plane and the 
angle between the C6S2 and Ni2/S3/S4 planes is 0.98 (8)°. The two C6S2 planes are roughly perpendicular to each other 

with a dihedral angle of 73.67 (7)°. In the [IBzPyCFy cation, the dihedral angles between the phenyl and pyridine rings 
is 86.7 (2)°. The molecule packings of two anionic units differ from each other (Fig. 2). The Nil -containing anions stack in 
face-to-face fashion along the a axis with an alternating arrangement of the [Ni(bdt)2] "anions and [IBzPyCH3] + cations, so 
that the pyridine ring of the cation overlaps the phenyl ring of the anion with a centroid-to-centroid distance of 3.6947 (5) 
A. Conversely, the Ni2-containing anions stack in side-by-side fashion in which the anions are uniformly spaced to form 
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one-dimensional chains along the a axis. For both stacking modes the Ni - Ni separation is 7.3223 (14) A. The shortest sep- 
aration between Nil -containing and Ni2-containing anions is 7.3 140 (15) A. The anions and cation are linked via C — H--S 
H-bonding interactions consolidating the crystal structure (Table 1). 



Under argon atmosphere at room temperature, benzene- 1 ,2-dithiol (284 mg, 2 mmol) was added to a solution of sodium metal 
(92 mg, 4 mmol) in absolute methanol (25 ml. A solution of NiCi2.6H20 (240 mg, 1 mmol) in methanol was then added, 
resulting in the formation of a muddy red-brown colour. Following this, l-(4-iodobenzyl)-3-methylpyridinium bromide (780 
mg, 2 mmol) was added, the mixture allowed to stand with stirring for 1 h and then stirred for additional 24 h in air. The 
colour of the mixture gradually turned green, indicating oxidation from a dianionic species to the more stable monoanionic 
form. The precipitate was washed with absolute methanol and ether and then dried. The crude product was recrystallized 
twice from methylene chloride to give dark green crystals suitable for X-ray analysis in -52% yield. 



H atoms were positioned geometrically, with C — H = 0.93, 0.97 and 0.96 A for aromatic, methylene and methyl H atoms, 
respectively, and constrained to ride on their parent atoms, with (7i S0 (H) = x U e q(C), where x = 1.5 for methyl H and x = 

1.2 for all other H atoms. The highest peak (1.52 e\&A" 3 ) and the deepest hole (-1.91 e\&A" 3 ) are located 1.00 and 0.96 
A, respectively, from II. 



Experimental 



Refinement 



Figures 




Fig. 1. The molecular structure of the title compound, with displacement ellipsoids drawn at 
the 30% probabilility level. Symmetry codes: (i) 1-x, -y, 1-z; (ii) 1-x, 2-y, 2-z. 




Fig. 2. Packing diagram of the title compound viewed along the a axis. Hydrogen bonds are 
shown as dashed lines. 



1-(4-lodobenzyl)-3-methylpyridinium bis(benzene-1,2-dithiolato)nickelate(lll) 



Crystal data 

(Ci3H 1 3lN)[Ni(C6H 4 S2)2] 

M,-= 649.28 



F(000) = 646 

D x = 1.692 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 2848 reflections 

9 = 2.4-27.0° 



Z = 2 



Triclinic, PI 



Hall symbol: -P 1 
a = 7.3222 (14) A 
b= 12.267 (2) A 
c= 14.628 (3) A 



(i = 2.32 mm 
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a = 98.425 (2)° 
(3 = 98.466 (2)° 
y = 96.216(3)° 

V= 1274.2(4) A 3 



T=296K 
Block, dark green 
0.26 x 0.20 x 0.12 mm 



Data collection 

Bruker SMART APEX CCD area-detector 
diffractometer 

Radiation source: sealed tube 

graphite 

<p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2000) 
T mki = 0.584, T max = 0.769 
6282 measured reflections 



4392 independent reflections 

3397 reflections with / > 2o(T) 
R int = 0.030 

6max = 25.0°, 0 m ; n = 1.4° 

h = -8^8 

Jt = -14-»13 
/ = -17— »17 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.056 
wR(F 2 ) = 0.196 

S= 1.09 

4392 reflections 
293 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = \I[o\f 2 ) + (0.1231P) 2 + 0.2746P] 

where P = (F 0 2 + 2F 2 )/3 



(A/c) n 



0.001 



Ap max =1.52eA 3 
Ap min = -1.91 eA~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 

x y z £/i so */£4q 

Nil 0.5000 0.0000 0.5000 0.0571 (3) 

Ni2 0.5000 1.0000 1.0000 0.0538 (3) 



sup-3 



supplementary materials 



0 1 


A C7A1 /^7\ 

u.j /y i (Z) 


A 1 71 C/1 C\ A \ 

U.l /jj4 (14) 


A A AO 7 A fl 1 \ 

u.4yyzu (ii) 


A A££7 f A\ 

U.Uoo / (4) 


bZ 


U.4ooZ (Z) 


A A1AAA C\ A\ 

u.ujuyy (14) 


A /ZA1Q1 /1 1\ 

U.o4/oj (11) 


A A/;C A (A \ 

u.uojy (4) 


Q1 
OJ 


U.olJl (Z) 


A 0 CAC 1 (\ A \ 

U.ojUjI (14) 


u.yjooz (iz) 


A A7A/1 ( A \ 

U.U /U4 (4 ) 


C A 


U.ZZyo (Z) 


A AAOAO f\ A\ 

u.yuoyz (14) 


A A AO 1 C n 1 \ 

u.yyzzj (ii) 


a a/;/;a ( a\ 
U.Uooy (4) 


1 


U.ol 1 / (0) 


U.Zjjo (j ) 


A 1 6. 0 /'/lA 

U.oloo (4) 


A A/^71 (\ A\ 

U.UoZj (14) 


CZ 


A £*7*7A ( 1 A\ 
U.O/ /y (1U) 


a i Ann 
U.34/ / (o) 


A /I A *7 /C\ 

U.o44/ (J) 


A C\HC.C\ ( 1 *7\ 

U.U /oU (1 /) 


II J 


A 7A/11 

U. /U4j 


n iqi i 
u. jyi j 


a Anno 
U.OUUZ 


(\ noi * 
u.uy 1 


C3 


a *7A/i /i m\ 
U. /U44 (1Z) 


A 1 C\A a fn\ 

U.jy44 ( /) 


A *71*7A 

U. / J /U (o) 


A AA 1 

u.uyi (Z) 


I I T 

W5 


U. / JUU 


A A Z^Q/1 

U.4oy4 


A 7CC7 

U. / JjZ 


A 1 AO* 

u.iuy 


OA 
C4 


A AA1/I / 1 1 \ 

U.0034 (1 1 ) 


A HAT (t\ 

U. j jUZ ( /) 


A OA1Q 

u.oUjy (j ) 


A AOI 

U.Uoj (Z ) 


LI/I 


a A70A 
U.O fyO 


U. jOZo 


A O AAA 

U.oOOO 


U.1UU 


Cj 


a /zr\r\/z /a\ 
U.oUUo (y) 


A T> 1 "> /"7\ 
U.ZZ1Z (/) 


A "7*70/1 /C\ 

U. / /o4 (J) 


A A*7CA f\ 0\ 

U.U /jU (lo) 


TTC 

rij 


a C7C^ 
U.j / jo 


A 1 70C 
U. 1 /OJ 


A 071 O 

U.oZjo 


A AAA* 

u.uyu 


Co 


A C7TC /*7\ 
U.J /Zj ( /) 


A 1 *7 1 & ( C\ 

U. 1 / lo (j) 


A /CO/n / A\ 

U.oo4Z (4) 


A ACA 1 ( 1 1\ 

u.ujyi (ij) 


C/ 


U.4jjy (y) 


A 7/111 (Z\ 

U. /4j J (J ) 


A Q/1/1A (A\ 

U.y44U (4) 


A AA^/1 (\ e\ 

U.U0J4 (1 J) 


Co 


r\ /if r o /i t\ 

U.4JJ0 (1Z) 


U.OJZy (0) 


A A 1 OA /C\ 

u.yiou (j) 


A AO£ C> \ 

U.Uoo (Z) 


I I o 

hlo 


A C77Q 

U.J /Zo 


A 1 C 1 
U.Ol J 1 


A AAOO 

u.yuoy 


A 1 A1 * 

U.IUJ^ 


CV 


U.JlZ / (10) 


A CCA A (H\ 

u.jjuy ( /) 


A AACC 

u.yujj (o) 


A 1 A1 (1 \ 

U.IUj (j) 


riy 


n ii 1 o 
U. jj iy 


A A 771 

U.4 115 


A OOQ7 

u.ooyz 


n 1 7/1 * 
U. 1Z4 


i a 

C1U 


A 1 1 0*7 ( 1 £\ 

U. 1 JO / (lo) 


A C7CC ^7\ 
U.J / J J ( /) 


a a 1 /^n f&\ 

u.yioy (o) 


A 1 A£ /^1\ 

U.lUo (j ) 


I I 1 a 
rllU 


A A/1 AA 

U.U4UU 


n ci oi 
U.J Ioj 


A QA/C C 

u.yuoj 


A 1 77* 

U.1Z / 


^1 1 
CI 1 


A 1 AC*7 ( 1 T\ 

U.IUj / (1Z) 


U.oooZ (/) 


A A/1 A A /C\ 

U.y44U (J) 


A AOA 

u.uoy (Z) 


1 1 1 1 
1 1 1 1 


n m 7/i 

U.U 1Z4 


n 7ni 1 
U. /Uj 1 


A QC.7A 

u.yjzu 


n 1 n7* 
U.1U / 


C1Z 


A I/: 1 A /A\ 

u.zoiu (y) 


A *7*7A1 /C\ 

U. / /Uj (j) 


A ACOC ( A\ 
U.yjOJ (4) 


a a/;ct ( A c\ 
U.UojZ (1 j) 


Cl j 


a i A71 n i\ 
U. 10 / J (1 1) 


U.00U4 (J ) 


A AA11 ( A\ 
U.OOjj (4) 


A A7AA (\ 1\ 

U.U /U0 (1 /) 


C^] A 
C14 


a i/:77 /a\ 
U.ZO 1 1 \y) 


U. / J /0 (J) 


A 7117 (A \ 
U. / 1 1 Z (4) 


A AA71 /1 A\ 

U.UOZj (14) 


I I 1 A 

hll4 


A 1 A*7 1 

u. jy / 1 


U. /o4Z 


A Till 

U. I 111 


A A*7C * 

U.U /j* 


Cl J 


A 1 0 1 A ^0\ 

U. lolU (o) 


A 0/1 C O ^C\ 

U.o4jo (j ) 


A 7/11 C f A\ 

U. / 4 j J (4) 


A A/; A A (\ A\ 

U.UoU4 (14) 


i i 1 e 

HI J 


A OC 1 1 

U.ZJl 1 


A A 1 1 1 

u.yin 


A *7*7£0 

U. / /oo 


A A"71 * 
U.U 11* 


C 1 £ 

Clo 


A A 1 -\~J fQ\ 

U.U1Z / (o) 


a oi/;o fc\ 
U.ojOo (j ) 


A 77A1 (A\ 
U. /Z01 (4) 


A AA71 (\ e^ 
U.UOZj (1 J) 


/~1 1 -7 
Cl / 


A 1 1 £ /I A\ 

— U.llo4 (1U) 


A 1 A AO /'*7\ 

U. /4Uo ( /) 


A £*7C*7 

U.o /j / (o) 


A AO*7 /">\ 

U.Uo/ (Z) 


I I 1 "7 

hll / 


— U.Z4J / 


A 11 Cl 

U. /JjZ 


u.oozy 


A 1 A/1 * 

U.1U4* 


Clo 


a men ( 1 i\ 

— u.uzjy (13) 


U.ojZo (o) 


A £/1/1 1 

U.0441 (o) 


A AG£ /7\ 

u.uyo (Z) 


I I 1 Q 

hllo 


A A AC 1 

-u.uyji 


A C 0*7C 

U.jo/j 


A AA O 

u.ouyo 


A 1 1 C* 

U.ll J 


PI A 

CIV 


A 1 1 A/^ rtV\ 

— U. 1 lUo (y) 


u.yzyj (j) 


A 7/^/1 O ^C\ 

U. /o4o (J ) 


A A7/1 C /■ 1 7\ 

U.U /4j (1 /) 


TJ1 fl A 

hliyA 


A 1 1 1 O 

-U.ll lo 


u.yz/z 


A OIAO 

U.ojUo 


A AOA* 

u.uoy* 


rllVrj 


u.zjoy 


n o 1 7i 
u.y i / j 


n 711 1 
U. / jj 1 


A AOA* 

u.uoy 


CZU 


A AC 1 C / 1 1 \ 

U.UjIj (11) 


111 nr\ (i\ 
1.11 /U (/) 


A OOAC /C\ 
U.OZyj (J) 


U.Uoj (Z) 


riZU 


A A/1 7 1 

U.U4 / 1 


1 AAAO 

i.uyyo 


A OOAA 

u.ooyu 


A 1 AA* 

U.1UU 


no 1 

CZ 1 


A 1 HA (~\ 1\ 

U. 1 j jU (1 j) 


1 01 A/1 ^7~\ 
1.Z104 ( /) 


A 07AC. 

U.oZUj (0) 


A AQ7 

u.uyz (z ) 


rn i 
hlZl 


A 1 0£*7 

U.loo / 


l.Zo/o 


A 0*71 C 
U.O /JJ 


A 1 1 A* 

U.l 1U* 


czz 


A 1 177 1 A\ 
U. 1 J / / (1U) 


1 7 /11C /'/iA 

1.Z4jj (o) 


A 711 1 /^C\ 
U. / J J 1 (J) 


A A77/1 (\ H\ 
U.U / /4 (1 /) 


1 1 "> "> 

hlZZ 


A 1 AA/1 

u. iyu4 


1 1 1 1 A 

i. j i jy 


u. /zoy 


A AA1 * 

u.uyji 


C23 


0.0637 (7) 


1.1657 (5) 


0.6538 (4) 


0.0599 (14) 


C24 


-0.0168 (8) 


1.0640 (5) 


0.6672 (4) 


0.0631 (14) 


H24 


-0.0671 


1.0098 


0.6156 


0.076* 


C25 


0.0744 (10) 


1.1905 (6) 


0.5574 (5) 


0.0751 (17) 


H25A 


-0.0129 


1.1379 


0.5124 


0.113* 


H25B 


0.1981 


1.1853 


0.5443 


0.113* 



sup-4 



supplementary materials 



H25C 0.0450 1.2643 0.5538 0.113* 

II 0.31005 (11) 0.52863 (4) 0.61739 (4) 0.1153 (3) 

Nl -0.0234(7) 1.0421 (4) 0.7546(4) 0.0637 (12) 



Atomic displacement parameters (A 2 ) 
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r\ r\ r r\<~\ /o\ 

0.0602 (8) 


a rn<"< / 1 /"Y\ 

0.0762 (10) 


A A/'AI fCW 

0.0693 (9) 


A A A f A C~l \ 

0.0064 (7) 


A A 1 T"\ /'7\ 

0.0172 (7) 


A A1 1 C f r l\ 

0.0335 (7) 


S3 


0.0628 (9) 


n n/c co /1 n~\ 

0.0658 (10) 


0.0836 (10) 


0.0076 (7) 


n n 1 /cc 

0.0165 (7) 


n n 1 1 "7 /o~\ 

0.01 17 (8) 


C A 

S4 


a aziaa few 
U.UolXJ [y) 


A A/CAA /1 A\ 


A A*7T 1 /n\ 

0.0731 (9) 


A AAAT /"7\ 

-U.UUU3 ( /) 


A m 1 A /*7\ 

0.0219 (7) 


A A 1 A A /"7\ 

0.0149 (7) 


LI 


0.049 (3) 


A A*7 C f A\ 

0.075 (4) 


0.072 (3) 


A A 1 O \ 

0.018 (3) 


a An /i\ 

0.012 (2) 


A AT 1 \ 

0.031 (3) 


C2 


A A OA //I \ 

0.080 (4) 


A A/' A / A \ 

0.069 (4) 


A A O 1 //I \ 

0.082 (4) 


0.012 (3) 


A A 1 A /T \ 

0.010 (3) 


0.025 (3) 


C3 


n Ann /c~\ 

0.099 (5) 


n n"7T /c\ 

0.072 (5) 


n nno /c~\ 

0.098 (5) 


n nnn fA~\ 

0.009 (4) 


n nn ^ //l \ 

0.004 (4) 


n n 1 c i a\ 

0.015 (4) 


C4 


n no"7 /c\ 

0.087 (5) 


n noi /c\ 

0.083 (5) 


0.0 /8 (4) 


n n 1 n f a\ 
0.019 (4) 


n nnc //i \ 
0.005 (4) 


A A A "7 

U.UU / (4) 


C5 


A A C O / /I \ 

0.058 (4) 


A 1 AA 

0.100 (6) 


0.075 (4) 


A A 1 "* 1 / ,1 \ 

0.023 (4) 


A A 1 1 i"l \ 

0.012 (3) 


A ATA ( A \ 

0.029 (4) 


C6 


A A A 1 /T \ 

0.042 (3) 


A r\n 1 / A \ 

0.071 (4) 


0.072 (3) 


A A 1 C /1\ 

0.015 (2) 


A A 1 1 /1\ 

0.012 (2) 


0.025 (3) 


C7 


0.076 (4) 


A A/" 1 / /I \ 

0.062 (4) 


0.055 (3) 


A AA A /1\ 

0.004 (3) 


A AA A /T \ 

0.004 (3) 


A A 1 1 /T \ 

0.011 (3) 


C8 


n nm /c\ 

0.093 (5) 


0.067 (4) 


n nm /c\ 

0.093 (5) 


n n 1 ^> 

0.012 (4) 


0.002 (4) 


n ni A i A\ 
0.014 (4) 


C9 


0.137 (8) 


0.065 (5) 


0.100 (6) 


A AA1 f e\ 

-0.002 (5) 


0.006 (6) 


A A1 /" / A\ 

0.016 (4) 


CIO 


0.134 (8) 


A A"7A //^\ 

0.079 (6) 


0.085 (5) 


A A A A /C\ 

-0.040 (5) 


A AAA /C\ 

0.000 (5) 


A A 1 1 S A\ 

0.011 (4) 


Cll 


0.100 (5) 


A AO f~ / C\ 

0.086 (5) 


A A "7 A / A \ 

0.074 (4) 


A AT 1 / A \ 

-0.021 (4) 


A A 1 A / A\ 

0.010 (4) 


A AT 1 / /I \ 

0.021 (4) 


C12 


A A*7 A / A\ 

U.U /4 (4) 


A C\C 1 f A \ 

U.Uo / (4) 


n n c t 

0.053 (3) 


a aa*7 

-0.007 (3) 


A AAA \ 

u.uuy (3) 


A A 1 A /T\ 

0.019 (3) 


C13 


A AA"7 f C\ 

0.097 (5) 


0.055 (4) 


0.065 (3) 


a f\f\ r /i\ 

0.006 (3) 


A A 1 O /") \ 

0.018 (3) 


0.026 (3) 


C14 


n n/c 1 n\ 

0.061 (3) 


n n/n 

0.067 (4) 


n nil n\ 

0.062 (3) 


n nm /"5"» 

0.003 (3) 


ft (117 /T\ 

0.017 (3) 


n mo fn\ 

0.018 (3) 


C15 


0.063 (3) 


a r\r c ( a \ 

0.065 (4) 


0.056 (3) 


A AA1 i"l \ 

-0.002 (3) 


A A 1 O 

0.018 (2) 


A A 1 O /I \ 

0.018 (3) 


C16 


0.054 (3) 


0.069 (4) 


0.074 (3) 


0.002 (3) 


0.015 (3) 


0.041 (3) 


C17 


0.065 (4) 


0.087 (5) 


0.104 (5) 


-0.011 (4) 


-0.007 (4) 


0.040 (4) 


C18 


0.119(7) 


0.062 (4) 


0.098 (5) 


-0.021 (4) 


0.000 (5) 


0.025 (4) 


C19 


0.059 (3) 


0.070 (4) 


0.108 (5) 


0.008 (3) 


0.031 (3) 


0.045 (4) 


C20 


0.101 (5) 


0.098 (5) 


0.063 (4) 


0.024 (4) 


0.030 (4) 


0.025 (4) 


C21 


0.106 (6) 


0.086 (5) 


0.083 (5) 


0.008 (4) 


0.022 (4) 


0.014 (4) 


C22 


0.083 (4) 


0.065 (4) 


0.087 (4) 


0.006 (3) 


0.021 (3) 


0.020 (3) 


C23 


0.050 (3) 


0.068 (4) 


0.075 (3) 


0.020 (3) 


0.022 (3) 


0.033 (3) 


C24 


0.057 (3) 


0.073 (4) 


0.069 (3) 


0.015 (3) 


0.019(3) 


0.030 (3) 


C25 


0.072 (4) 


0.087 (5) 


0.080 (4) 


0.015 (3) 


0.029 (3) 


0.035 (3) 


11 


0.1845 (7) 


0.0594 (4) 


0.1157 (5) 


0.0307 (4) 


0.0520 (4) 


0.02 13 (3) 


Nl 


0.058 (3) 


0.070 (3) 


0.078 (3) 


0.020 (2) 


0.029 (2) 


0.035 (3) 



Geometric parameters (A, 

Nil— SI' 
Nil— SI 
Nil— S2 

Nil— S2' 
Ni2— S4 



2.1470(16) 
2.1470 (16) 
2.1562 (16) 
2.1562 (16) 
2.1447 (15) 



Cll— Hll 
C13— C14 
C13— C18 
C13— II 
C14— C15 



0.9300 
1.367 (9) 
1.391 (11) 
2.101 (7) 
1.372 (9) 
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2.1447 (15) 


C14 — H14 


0.9300 


Ni2 — S3" 


1 1 end f 1 "7\ 
Z.15U4 (1 /) 


C 1 5 — C 1 o 


l.iyi (a) 


Ni2 — S3 


2.1504(17) 


C15 — H15 


0.9300 


SI — CI 


1.747 (6) 


C16 — C17 


1.376 (10) 


S2 — C6 


1.745 (6) 


C16 — C19 


1 .492 (9) 


S3 — C7 


1.732 (6) 


C17 — C18 


1.387 (12) 


S4 — C12 


1.749 (7) 


C17 — H17 


0.9300 


CI — C2 


1.388 (9) 


C18 — H18 


0.9300 


CI — C6 


1.390 (8) 


C19 — Nl 


1.498 (8) 


C2 — C3 


1.364 (11) 


C19 — H19A 


0.9700 


C2 — H2 


0.9300 


C19 — H19B 


0.9700 


C3 — C4 


1.388 (10) 


C20 — Nl 


1.328 (9) 


C3 — H3 


0.9300 


C20 — C21 


1.331 (11) 


C4 — C5 


1.345 (11) 


C20 — H20 


0.9300 


C4 — H4 


0.9300 


C21 — C22 


1.371 (10) 


C5 — C6 


1.399 (9) 


C21 — H21 


0.9300 


C5 — H5 


0.9300 


C22 — C23 


1.388 (9) 


C7 — C12 


1.381 (9) 


C22 — H22 


0.9300 


C7 — C8 


1.385 (9) 


C23 — C24 


1.374 (8) 


C8 — C9 


1.344 (12) 


C23 — C25 


1.497 (8) 


to — 1 lo 


U.VJUU 


CIA "\T1 




C9— CIO 


1.369 (14) 


C24— H24 


0.9300 


C9— H9 


0.9300 


C25— H25A 


0.9600 


CIO— Cll 


1.414(13) 


C25— H25B 


0.9600 


CIO— H10 


0.9300 


C25— H25C 


0.9600 


Cll— C12 


1.419 (9) 






SI'— Nil— SI 


180.000 (1) 


C7— CI 2— S4 


120.4 (5) 


SI'— Nil— S2 


88.41 (6) 


Cll— C12— S4 


119.2 (6) 


SI— Nil— S2 


91.59 (6) 


C14— C13— C18 


119.2 (7) 


SI' — Nil — S2' 


91.59 (6) 


C14— C13— 11 


118.9 (5) 


SI — Nil — S2' 


88.41 (6) 


C18— C13— 11 


121.9 (5) 


S2— Nil— S2' 


180.0 


C13— C14— C15 


121.2 (6) 


S4— Ni2— S4" 


180.0 


C13— C14— H14 


119.4 


S4— Ni2— S3" 


88.21 (6) 


C15— C14— H14 


119.4 


S4"— Ni2— S3" 


91.79 (6) 


C14— C15— C16 


119.5 (6) 


S4— Ni2— S3 


91.79 (6) 


C14— C15— H15 


120.2 


OH 1N1Z. JJ 


88.21 (6) 


C16 — C15 — H15 


120.2 


S3" — Ni2 — S3 


■ nn C\C\C\ ( W 

1 60.000 (1) 


C17 — C16 — C15 


120.3 (7) 


CI — SI — Nil 


104.7 (2) 


C17 — C16 — C19 


119.2 (6) 


C6 — S2 — Nil 


105.1 (2) 


C15 — C16 — C19 


120.5 (6) 


C7— S3— Ni2 


105.5 (2) 


C16— C17— C18 


119.2 (7) 


CI 2— S4— Ni2 


104.1 (2) 


C16— C17— H17 


120.4 


C2— CI— C6 


119.1 (6) 


C18— C17— H17 


120.4 


C2— CI— SI 


121.3 (5) 


C17— C18— C13 


120.6 (7) 


C6— CI— SI 


119.6(5) 


C17— C18— H18 


119.7 


C3— C2— CI 


120.4 (7) 


C13— C18— H18 


119.7 
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po PO i n 

C3 — Cz — HZ 


lift o 

i iy.o 


P 1 Z""" 1 0 LJO 

CI — Cz — HZ 


ny.o 


PO r^A 
Cz — C3 — C4 


1 Oft O fH\ 
1ZU.Z {/) 


f p-J II-J 

CZ — C3 — 113 


1 1 Q Q 

i iy.y 


P/1 /-IT TT-J 

C4 — C3 — hi 3 


1 1 n n 

i iy.y 


PC f^A PQ 

CD — C4 — C3 


1 Oft 1 /"7\ 

1ZU.3 (/) 


PC P/1 I I/i 

CD — C4 — rl4 


1 1 Q Q 

ny.o 


pi p/i i i i 
C3 — C4 — 114 


lino 

i iy.o 


C4 — CD — Co 


1ZU.4 ( /) 


P/1 PC I I C 

C4 — CD — HD 


1 1 n o 

ny.o 


Pif pr TJf 

Co — CD — HD 


1 1 n o 

ny.o 


pi PiC PC 

CI — Co — CD 


1 1 n c \ 
liy.D (0) 


( • i P/T C O 

CI — Co — bZ 


1 1 o c /c\ 
1 lo.D (p) 


PC P£ CI 

CD — Co — bz 


1 OO ft /c\ 
1ZZ.U {D) 


p| O p-7 po 

Clz — C/ — Co 


11ft A f£\ 

ny.4 (o) 


pn p*7 c i 
Clz — C/ — b3 


1 1 O 1 Z"C\ 

11 0.1 (p) 


PO P*7 CI 

Co — C / — o3 


1 OO C (£\ 

1ZZ.D (0) 


PO PO P*7 

cy — Co — c / 


1 O 1 o /o\ 

IZl.o (o) 


PQ PQ UO 

CV — Co — Ho 


1 1 Q 1 

i iy. i 


pa PO lit) 

C / — Co — hlo 


1 1 n 1 

i iy. i 


PO PO P 1 A 

Co — Cv — C 1 U 


1 Oft ft /o\ 

1ZU.U (o) 


po pn i in 

Co — cy — hiy 


1 Oft ft 

1ZU.U 


Pin pp. i m 

c i u — cv — hiy 


1 Oft ft 

1ZU.U 


pn pi a p 1 1 

cy — c i u — c 1 1 


1 O 1 A ZO\ 

121.4 (o) 


V / — V 1 u — 1 1 1 u 


1 1 Q ^ 


Cll— CIO— H10 


119.3 


CIO— Cll— C12 


116.9 (8) 


CIO— Cll— HI 1 


121.5 


C12— Cll— Hll 


121.5 


C7— CI 2— Cll 


120.4 (7) 


S2— Nil— SI— CI 


6.0 (2) 


S2' — Nil — SI — CI 


-174.0 (2) 


SI'— Nil— S2— C6 


173.59 (19) 


SI— Nil— S2— C6 


-6.41 (19) 


S4— Ni2— S3— C7 


-1.8(2) 


S4"_Ni2— S3— C7 


178.2 (2) 


b3 — JNlZ — b4 — C1Z 


-178 97 H91 
1/0.7 / y iy f 


el t\t;o c /i pn 
d3 — JN lZ — M — C 1 Z 


1 ftl C\ ft\ 

1.U3 (iy) 


m; 1 c 1 p 1 po 
JNll — M — CI — CZ 


1 OC 1 /c\ 

175.1 (5) 


\t: 1 c 1 P 1 P£ 

JNll — M — CI — Co 


A 1 fC\ 

-4.3 (5) 


s • a pi pi pi 
Co — CI — Cz — C3 


0.1 (10) 


O 1 P 1 PO PI 

b 1 — C 1 — Cz — C3 


—1 ly.i (6) 


C 1 — C2 — C3 — C4 


-0.7 (12) 


C2— C3— C4— C5 


1.2(12) 


C3— C4— C5— C6 


-1.2(11) 


C2— CI— C6— C5 


-0.1 (8) 


SI— CI— C6— C5 


179.3 (4) 


C2— CI— C6— S2 


179.7 (5) 



p 1 r P 1 ft 0\T 1 

cio — ciy — jn 1 


in o /c\ 
113. / \p) 


PU pm TT10A 

c 1 0 — c 1 y — h 1 y A 


1 no 0 
IU0.0 


\T| pift TT 1 ft A 

jn 1 — ciy — hiiyA 


1 ftO 0 

IU0.0 


pu pm 1 1 1 on 

cio — ciy — Hiyt> 


1 ftO 0 

IU0.0 


mi pm 11 1 (in 

jn 1 — ciy — Hiyt> 


1 ftO O 

IU0.0 


TJ1 ft A pm TJ1 ftD 

hi 1 yA — c 1 y — h 1 yt> 


1 ftO *7 
1U/. / 


Ml POft P0 1 

JN 1 — C2U — Cz 1 


1 Oft ft (H\ 

izu.y (0) 


Ml POft TUOft 

JN 1 — CzU — hlZU 


line 

ny.D 


POI POft TUOft 

CZ 1 — CzU — hlZU 


1 1 ft c 

1 iy.D 


Z^Oft P0 1 POO 

CzU — Cz 1 — CzZ 


1 Oft 1 (H\ 

IzU.l (/) 


POft POI TJOI 

CzU — CZ 1 — hlZ 1 


1 Oft ft 

1ZU.U 


POO POI TJOI 

CzZ — CZ 1 — hlZ 1 


1 Oft ft 

1ZU.U 


POI POO POI 

CZ 1 — CzZ — C23 


1 Oft ft (H\ 

1ZU.U (/) 


POI POO uoo 

CZ 1 — CzZ — hlZZ 


1 Oft ft 

1ZU.U 


POI POO uoo 

C23 — CzZ — hlZZ 


1 Oft ft 

1ZU.U 


PO /I POI POO 

C24 — C23 — CzZ 


in r ( c\ 

117.5 (5) 


PO /I POI POC 

C24 — CZ 3 — CZ D 


10 1 1 f£\ 

1Z1.1 (0) 


POO POI POC 

CzZ — C23 — C2D 


10 1 A 

LZiA (0) 


Ml PO /I POI 

JN 1 — C24 — C23 


1 Oft C f£\ 

1ZU.D (0) 


T\T1 PO /I I I O 1 

JN 1 — C24 — hlZ4 


1 1 n *7 

ny. / 


POI PO /I 1 1 0 1 

C23 — C24 — hlZ4 


1 1 n *7 

ny. / 


POI POC I IOC A 

C23 — CzD — hlZDA 


1 nn c 

iuy.D 


POI POC UOCD 

C23 — CzD — H2DB 


1 ftft c 

iuy.D 


TJOCA POC I I O CI) 

hlZDA — CzD — H2DB 


1 ftn c 

iuy.D 


LZj LZJ — 1 1 _ J V 


1 HQ S 

1 U7.J 


H25A— C25— H25C 


109.5 


H25B— C25— H25C 


109.5 


C20— Nl— C24 


121.0 (6) 


C20— Nl— C19 


120.9 (5) 


C24— Nl— C19 


118.1 (6) 


S3— C7— CI 2— Cll 


176.6 (5) 


C8— C7— CI 2— S4 


179.5 (5) 


S3— C7— CI 2— S4 


-1.8 (7) 


CIO— Cll— C12— C7 


1.6 (9) 


CIO— Cll— C12— S4 


-179.9 (5) 


Ni2 S4 CI 2— C7 


0.2 (5) 


m;7 «4 c] 7 T1 1 

IN lZ. V 1 Z. V 1 1 


—1 78 ^ f41 

1 / O.J J 


pio pn p 1 /i pi c 
C 1 0 — C 1 3 — C 1 4 — C 1 D 


2.4 (9) 


T1 PI 1 pi /| P1C 

11 — CI 3 — C14 — C1D 


1 Oft 1 fA\ 

-1 /y.3 (4) 


P 1 1 P1 A P1C PU 

C 1 3 — C 1 4 — C 1 D — C 1 0 


ft ft /o\ 

-0.9 (8) 


pi /i pic pu pn 
C14 — C1D — ClO — CI / 


1 ft /o\ 

-1.0 (8) 


pi /i pic pu pin 

C 1 4 — C 1 D — c 1 0 — c 1 y 


1 "7/; 0 

1 /6.6 (5) 


PI r /~i 1 r pn pio 

C15 — C16 — C17 — C18 


1.3 (10) 


C19— C16— C17— C18 


-176.5 (6) 


C16— C17— C18— C13 


0.2(11) 


C14— C13— C18— C17 


-2.0 (10) 


11— C13— C18— C17 


179.7 (5) 


C17— C16— C19— Nl 


-138.2 (6) 
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c 1 o 

al — CI — Co — a2 


—\).y (o) 


/^i C f: pin v i 

C1D — C16 — C19 — JN 1 


A A C\ (Q \ 

44. U (o) 


f^A f^z r^c r^i 
C4 — CD — Co — C 1 


r\ £. sew 
U.o [y) 


\ri n/i ni 

JN 1 — C2U — C21 — C22 


1 1 ( 1 1\ 

1.1 (13) 


f^A r^c f^c ci 
C4 — CD — Co — a2 


1 *7fl 1 

— 1 fy.L [?) 


nn r">i r^T> ni 
C2U — C2 1 — C22 — C2 5 


1/1/1 1\ 

—2.4 (12) 


JN 1 1 — a 2 — Co — C 1 


J.O [p) 


C2 1 — C22 — C23 — C24 


1.7 (10) 


\r:i ci r^c f^z 

JN 1 1 — a 2 — Co — CD 


17/1 z; //i \ 

-1 /4.0 (4) 


PTi /"in 

C2 1 — C22 — C23 — C2D 


1 11 1 /"7\ 

-177.1 (7) 


JN12 — ai — C / — C12 


2.5 (5) 


m pti r^T/i mi 
C22 — C23 — C24 — JN 1 


V.3 {<$) 


ci c^h r*Q 
JN 12 — a J — C / — C8 


i /s.y (5 j 


c^"fz. r'Ti r*"*A mi 
C2D — C23 — C24 — JN 1 


1 7Q 1 

i /y.i p ) 


C 1 2 — C7 — C8 — C9 


0.6 (10) 


C21 — C20 — JN 1 — C24 


1 A /"I 1 \ 

1.0(11) 


S3— C7— C8— C9 


-178.0 (6) 


C21— C20— Nl— C19 


178.4 (7) 


C7— C8— C9— CIO 


1.2(12) 


C23— C24— Nl— C20 


-1.7 (8) 


C8— C9— CIO— Cll 


-1.6(13) 


C23— C24— Nl— C19 


-179.2 (5) 


C9— CIO— Cll— C12 


0.3 (11) 


C16— C19— Nl— C20 


-115.7 (7) 


C8— C7— CI 2— Cll 


-2.0 (9) 


C16— C19— Nl— C24 


61.8(7) 



Symmetry codes: (i) —x+1, -y, — z+1; (ii) -x+1, — jH-2, — z+2. 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—R-A 

C19 — H19B-'-S2'" 0.97 2.81 3.613 (7) 141 

C20— H20-S4 iv 0.93 2.86 3.580 (8) 135 
Symmetry codes: (iii) x~\,y+\, z; (iv) -x, -y+2, -z+2. 
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